those data. Material is in existence to allow one to scrutinize far more thoroughly than has yet been done the relationship of phthisis to factors such as general environment and degree of institutional segregation. Moreover, it is chiefly through working on some problem that ideas for others are suggested, and much of the best research has been not that which adhered closely to some original intention, but that which went off on a side issue brought, out in the course of investigation. 2' Not through eastern windows only, when daylight comes, comes in the light."
Tuberculosis Statistics: Some Difficulties in the Presentation of Facts bearing on the Tuberculosis Problem in a Suitable Form for Statistical Purposes.
By HILDA CLARK, M.B.
THE necessity for statistical research in matters where direct experiment cannot be arranged under strict scientific conditions need not be emphasized to this audience. There are, it is true, some scientific discoveries which have been made through the insight of a master mind who could separate the essential from the accidental in the cases under his own observation and draw deductions that time and further research have verified. Such a thinker may also use the carefully recorded observations of others for his inspiration, or for the confirmation of his suspicions. But where this fails, and where the -conditions of exact scientific observation and experiment are lacking, we have recourse to the statistical method, that is, to the consideration of series of cases with regard to certain facts, and to a comparison of one series with another in order to establish the relations of different sets of facts to each other. In this way it is possible to obtain conditions approaching those of scientific observation and experiment in the laboratory. We can eliminate to some extent the personal equation of the observer, the accidental relation of one fact to another, and the coincidence of other disturbing factors. The value of this method depends first on the accuracy with which the facts can be observed; second, on the extent to which they can be isolated from other factors, including the possibility of isolating and recording control cases, and, thirdly, on the possibility of describing and defining the set or class of people or conditions from which the facts have been collected. While it is obvious that common sense must be used as to what facts are likely to be of value, and that science will progress faster if the more important ones are investigated first, it is well to remember that some facts prove useful later that did not suggest much promise at the time. Thus it would be an advantage to those who wish to know what provision to make for treatment by artificial pneumothorax if they knew in what proportion of cases serious mischief in one lung is accompanied for an appreciable length of time by little or no infiltration of the other.
I am not qualified to deal with the whole statistical question of the estimation of figures connected with tuberculosis, but I think it may be of value to consider to what extent those of us who have been engaged in practical tuberculosis work can prepare records suitable for statistical expression and deductions, and to ask for suggestions as to how the difficulties which arise may be overcome. The material which I propose to consider chiefly is that which comes under observation in a modern tuberculosis scheme where all available preventive and curative measures are co-ordinated round a dispensary for diagnosis and specific treatment.
It is necessary first to review briefly the essential features of the clinical problem before us. Tuberculosis is a chronic disease of which neither the beginning nor the end has been accurately defined. The causal organism is so widespread that practically the whole population has the opportunity for contracting it. So many people who harbour the bacillus and are infective to others are in comparatively good health that compulsory isolation of all infective cases would inevitably lead to concealment and so defeat its own object, and we are obliged to contrive a less drastic and more complicated plan of eliminating the sources of infection. The onset and course of tuberculosis, depending, as in most bacterial infections, on a varying relation between the virulence of the bacteria and the specific protective mechanism of the host, is more varied than that of any other infectious disease known, and appears to depend more on variations in the-protective mechanism than on those in the infecting organism, though it is held that the latter is also important and that there is a definite difference between the human and bovine types. The protective mechanism depends not only on innate qualities but also on constantly changing conditions in the body, and thus is profoundly affected by the environment, by all that affects the general nutrition of the body, including mental and emotional factors, and by the accidental presence of other bacteria. This variation in the course of the disease and the extent to which chronic forms occur has not been recognized until recently. It is possible that the chronic and less active forms are more common now than in days when the deathrate was higher. We are not yet in a position to estimate their importance or the part they play in the causation of chronic ill-health, in the mortality from other diseases, in spreading infection, as the precursors of fatal outbreaks of active tubercle, or in stimulating the production of any effective degree of immunity to tuberculosis. The investigation of these points is both urgently needed and peculiarly difficult, as I will show later.
The irregular course of the typical case of fatal phthisis must also be noted. Whether treated or untreated, alternating improvements and relapses are generally observed, and it is difficult to say in any individual case at the onset of serious symptoms whether life will last a month or several years. This variation is probably due to the effect of enviroment (in the broad sense of the word) on the protective mechanism, and it introduces a great difficulty in estimating the effects of any line of treatment. Some cases, however, show a steady downward course from the onset, and if a means could be found of ascertaining whether a case belonged to this type before the disease became hopelessly advanced there would be evidence in favour of a method of treatment which was followed by improvement in such a case. This brings us back to the difficulty of diagnosis, one which opposes us at every attemupt to obtain valuable statistics and which must itself, until the laboratory can solve it, be tackled by the statistical method. The position is that the only universally accepted proof of infection having taken place is the demonstration of the tubercle bacillus, either by direct examination or, indirectly, by injection of the suspected material into a guinea-pig. It is, however, generally agreed that the occurrence of a reaction after the injection of tuberculin indicates that the subject has previously been infected by tuberculosis, though it is held by many that this reaction still occurs when the lesion is healed.
There is no method known of proving that an individual has been completely cured of tuberculosis. Further observation is needed to show whether a reaction can occur in the subject of a completely healed focus,, but if tuberculin has been used for treatment it cannot be used to prove the completion of cure, since it is well known that complete tolerance to tuberculin may be established without cure. Even the failure to obtain a focal reaction cannot at present be used in this way, since it may be absent, or unrecognizable, in cases where there are other signs to show activity. Since there is no universally accepted criterion of the activity of a focus or of the resisting power of a patient, the decision as to the type and prognosis of a case is always a matter of personal opinion. In order to obtain statistical e,vidence that may overcome this difficulty, careful classification must be adopted.
It has already been laid down by all observers that for statistical purposes cases must be divided into two classes: those with tubercle bacilli in the sputum and those without. A practical difficulty arises here in comparing dispensary cases with those at a sanatorium, since it is far less easy in the former to obtain a good specimen' of sputum. Two series of cases can only be compared if equal time and care have been given to the sputum examination in each. Attention must also be called to the question of whether the fact that a patient expectorates tubercle bacilli-i.e., is "open "-is for that reason in a more serious condition than one who does not, or whether the higher mortality among the former is solely due to the fact that the latter include cases of mistaken diagnosis. 'This is important, in view of the observation made by several workers that in dispensary practice the bacilli are often detected after a reaction when they had not been discovered before. Unfortunately in many cases too little time had been expended on the previous examination to make'it certain that bacilli had never been present.
People often speak as though the only cases that should be used for statistical purposes are those in which tubercle bacilli can be demonstrated, and it is also claimed that the statistical estimation of these is an easy matter. Neither statement is true, for, although the difficulties are greater in the former case, they are not insurmountable, and the most careful analysis and classification are also needed before valid conclusions can be drawn from the latter.
The investigation of cases in what may be termed the " pre-bacillary" stage is of urgent importance, and must be carried out mainly by the statistical method. It must not be forgotten that all fatal cases of phthisis, all cases infective to others, pass through this stage, so that to ignore it is as obstructive to further progress as it would be to ignore the incubation period of small-pox and wait till the symptoms develop before vaccinating. Some information as to this phase is obtained from post-mortem' records. These must be used carefully, since it is difficult to express their relationship to the community as a whole. 'Postmortems are rarely done on people whose health and illness record can be ascertained in detail, and therefore throw little light on the extent to which chronic lesions cause symptoms. Records of tuberculin tests applied to a complete and definable class are of course valuable, but only to a limited degree if such observations cannot be compared with records of past and subsequent history, both of those who react and those who do not.
What is chiefly needed in order that pertinent facts may be obtained is the observation over as long a period of life as possible of cases of chronic ill-health, the careful classification of facts thus observed, and the statistical comparison and correfation of all series of facts that could bear on the question. Much experience outside dispensary work maybe utilized for this, such as that of general practitioners working among a similar class of society, and records of charitable organizations, who often follow cases up for years through the hands of varying doctors and institutions.
The records of medical inspection of school children will provide a basis of figures referring to a whole definable class, with which figures concerning selected members may be compared. It must be remembered, however, that it is useless to compare a set of children examined by one standard with a set examined by another, and the standard adopted must be clearly described. Thus school children are examined by a standard which can be applied in from two to five minutes, while the apparently healthy children from a house where a case of tuberculosis has occurred are examined at a dispensary by a standard which takes a quarter to half an hour. There may be a considerable difference between the conditions considered tubercular by those who use the tuberculin test and those who do not. It is not always possible to secure the complete examination of the whole family of an infective case, and the reasons why some members can be brought and not others are very varied, so that the selection of those to be examined is not uniform.
A consideration of the history of the length of symptoms that a patient gives may throw some light on the pre-bacillary stage, but unless it can be confirmed by other evidence it is of limited value as regards conclusions concerning the pathological condition. It is, however, perfectly valid for showing at what stage of the disease it might be possible to persuade the majority of cases to apply for diagnosis and treatment. The difficulty in drawing conclusions as to the effect of treatment at this stage is so great that some people appear to think it is hardly worth while to treat. Since it is only at this stage that treatment can result in complete cure without destruction of lung tissue and can prevent the case from being infective to others, it is particularly important to settle the question as to what methods are the most effec-; tive. Now in judging this it is necessary to consider the whole number of these cases and not only those who are willing to follow the doctor's advice. A method which patients can readily undergo and which can readily be provided will be more successful than a more complicated one. The final criterion of success for practical purposes is the extent to which the incidence of active tubercle can be lowered, and in selecting methods likely to attain to this we must estimate the percentage of cases that will be unable to avail themselves of each, as well as the percentage of those submitting to it in which it is likely to be successful.
Thus sanatorium treatment must include among its failures those early cases who refuse to leave home and work until the diagnosis is certain, and who are then too advanced for cure.
Tuberculin treatment must include among its failures those who are too stupid or too careless to attend at regular intervals, or who deliberately falsify their temperatures. Thus treatment must always be considered from two points of view, first its effect on those who are willing and able to do what they are told, second its applicability to the social conditions of those needing it. The two aspects cannot always be separated, but the attempt must be made by careful classification of the facts observed with this in mind, and statistical evidence as to the effect of a particular method of treatment in relation to the environment can be obtained, even in the pre-bacillary stage, if a long series can be observed in this way over a long enough period. The statistics thus obtained are comparable to those of the value of vaccination, and it must be remembered that while a certain proportion of a given series would remain well without treatment, if a higher proportion is found to do so when treatment is given it may be taken as proof that such treatment has been effective.
Turning to the cases in whose sputum tubercle bacilli are found, we may obtain some information as to the type through the investXigation of death certificates and of notified cases. Even the figures drawn from death certificates are, however, dependent to a considerable extent on the personal equation of the doctor, since they are rarely confirmed by post-mortem examinations, and the examination of the sputum is frequently omitted. With regard to tuberculosis in infancy, such figures are particularly fallacious, and the recent developments of tuberculosis work, in diagnosing as tubercular many cases whose death would otherwise have been ascribed to bronchitis, &c., and in showing some cases of syphilis, malignant disease, and other conditions, to be non-tubercular, have introduced a difficulty in comparing rates of different years or different localities. Still more are records drawn from notifications affected by the personal judgment of different doctors, and even if all the cases notified could be checked by a central authority their value for many purposes would be limited by the fact that it would be impossible to examine clinically the patients from whom they are selected.
It has come to be recognized that there is a type of pulmonary tuberculosis in which, although tubercle bacilli may be found in the sputum, the patient maintains such good health that he is in a very similar condition to the typhoid or diphtheria " carrier." We have at present no means of estimating the nature of the immunity that might account for this. It is clear that if such a case should suffer from a complication the diagnosis of which was masked by the presence of tubercle bacilli, an error would be introduced into the classification. To avoid this it would be necessary to keep patients -under prolonged observation before classification, without using any treatment. This is not always possible in dispensary practice, where there is too much risk to the patient if time is lost.
As an example of the necessity for both analysing observations and considering a sufficient number before drawing conclusions, I may quote my own records, which show that even out of so long a series of cases examined as 1,400 it happens that nearly all whose names begin with J were unsatisfactory to treat. This might have been thought suspicious had it referred to an occupation or a locality, instead of to a letter, but the suspicion would have been removed by a closer analysis, as this shows a sufficient variety in the reasons for difficulty in treatment to suggest coincidence rather than causal relation.
I have already referred to the importance of environment in its effect on the incidence and course of the disease. Since we have no method of treatment that even claims to be both certain and rapid in action, those in general use acting through gradual stimulation of the specific protective mechanism of the patient, it is clear that environment must also have an important influence on the success of treatment. Hitherto it has only been considered in its broadest aspects, and it has not been followed up in the minute way that it deserves. The difficulty lies in the interaction of cause and effect, and is increased by a tendency to regard one effect and ignore another. This may lead to the most erroneous conclusions. For instance, a larger proportion of cases from poor homes improve under treatment than is found among patients who are well off, but it is not justifiable to conclude from this that poverty has a stimulating effect on the resisting power. Such a fallacv is checked at once by remembering that the death-rate from phthisis is far higher among poor people than among rich. The environment must be considered in relation to almost every factor that is required for statistical purposes. Under this heading may be included a large number of the difficulties that beset the accurate record of facts at a dispensary. It affects the type of applicant that is attracted. Thus if there is indiscriminate provision of food and clothing the poorest are attracted and the self-respecting are kept away. Under a lax administration the proportion of " ne'er-do-weel's " who wander from one hospital to another increases. Hard-working married men and women will only apply for diagnosis at an early stage if hours are appointed to suit them, and they are less likely to do so if the only treatment offered them involves giving up work.
Many patients of slight ill-health present themselves at tuberculin dispensaries for the treatment which has relieved their friends of similar symptoms, though they would not have dreamed of applying at a centre for diagnosis only. Varied circumstances affect the patients throughout their attendance at a dispensary, and may affect the results of treatment employed. Some may appear to live under suitable conditions for ambulant treatment at first, but later are prevented from following the precise course laid out. One has a sick child, another loses his job, another becomes pregnant, another catches influenza, yet another has a letter for a sanatorium offered him, and though he appears to have recovered satisfactorily without, he must not be dissuaded from receiving the added security against relapse that a month or two in a sanatorium might give. To disentangle and analyse these conflicting elements is a serious problem in the routine of a busy dispensary. It is often difficult to tell exactly what the decisive factor has been. For instance, a patient has been treated with tuberculin for a time and then gets a severe reaction which interferes with work next day, making him think he is worse and refuse to attend again. A week or two later the nurse visits and is told that he does not need to go on with treatment because he is quite well. How is he to be classified ?
There are many points in connexion with the course of tuberculin treatment in different types of cases that are very difficult to investigate at a dispensary. More knowledge is needed first of the course of similar methods in patients whose environment is under better observation and control, but since an important feature of tuberculin treatment is the fact that it can be given in certain cases without interfering with home life and work, it is necessary to study the complicated relationships of sensitiveness, type of disease and environment under these conditions. As in the other difficulties to which I have referred, careful observation, analysis and classification, with scientific methods of correlating the series of facts thus recorded, may be expected to lead us to a better comprehension of the problem.
DISCUSSION.
The PRESIDENT (Dr. W. H. Hamer) said they had now before them two very interesting papers which should stimulate discussion. With regard to the former, he would like to point out that Dr. Snow's method had imposedupon him certain limitations, and in fact had not enabled him to do much justice to the question of migration. In the first place, he had practically limited consideration to rural areas. Their interest in migration started, however, from the demonstration of the attraction exerted by the towns upon particular sections of the rural population, and if urban areas were excluded the opportunity of studying migration was largely lost. In Table I Ongar and Cardigan stood out as the two extreme instances-Cardigan had been deprived of some of the best of its young men, who had gone to the Glamorganshire mines; Ongar has especially lost young girls who had gone to domestic service in London. Dr. Snow agreed that the young men who had left Cardigan were probably "constitutionally less prone to phthisis," but, he argued, in that case, the Ongar girls leaving for London must also have been the pick of the countryside, and this view, he urged, was not consistent with the low phthisis-rate of females left in Ongar. But it did not necessarily follow that domestic service was as severely selective as was the mining industry. In confirmation of this way of looking at the matter it might be pointed out that if districts were taken in which an excess of females has been brought about by occupational attractions-straw-plaiting districts, such as Hitohin, lVemel Hempstead, Berkhamsted, and Luton, or a woollen clothing district like Melksham, or a glove district like Yeovil-it would be found that the male phthisis-rates were now not high, as they should be on Dr. Snow's hypothesis of influence exerted by excess of females, but quite low. Then, in the second place, Dr. Snow (after his first two tables) dwelt with sex-ratios; and this was a very serious matter from a migration point of view. With Dr. Snow, excess of males (females) did not mean that there are more men (or women) than in a mean population; indeed, with so-called excess of males there might be far fewer men and with so-called excess of females far fewer women than in the country as a whole. A rural area might have been bled white of its young people of both sexes, but provided the greatly reduced number of lads exceeded that of the girls by one, there was said to be an excess of males. It is just as if in dealing with heaps of coins, regard were paid. to the ratio of those with heads of Queen Victoria to those with heads of King Edward or King George, rather than to the actual values of the coins. They were constantly being urged by Mr. Major Greenwood to study statistical methods, but how were they to reply, say, to their milkman whom they had paid by week on Dr. Snow's principles, and who disputed the correctness of the amounts handed over in discharge of his bills, insisting that he had been given too much copper and too little gold and silver, and declaring that he would not accept the evidence furnished by the sexratios ? Presumably, Mr. Greenwood would advise them to tell the milkman that he had no right to further discuss the matter until he had made a really serious attempt to study the method of "partial correlation"; yet, after all, perhaps there was sometlling in the milkman's point of view. A further question to be borne in mind is the tendency of women emigrants to return when ill to their own homes to a far greater extent than is the case with men. Again, it needs to be remembered that the death of an-emigrant may not occur until years after emigration. Once more, the " ideal populations" of Dr. Snow have unquestionably lost most important elements, in spite of the fact that the occupation statistics of the residual populations in the rural areas cited by Dr. Snow present no striking contrasts. It is the occupations of those who have gone, not of those who remain, that we should like to know about.
Finally, migration was declared by Dr. Snow to be a " purely hypothetical explanation," while on the other hand he said "nobody competent to express an opinion at the present day appears to doubt the possibility of personal infection." Why, it may be asked, regard one explanation as more hypothetical than the other? Indeed, if we look into the matter further the existence of infectivity (as Dr. Newsholme has told us) did not become an accepted doctrine until it had been demonstrated by actual experiments on animals. The case for infection rests upon laboratory inoculation, feeding, &c., not upon any direct evidence-husband and wife, attendants in hospitals, &c.-that in fact is all against it. Personal infectivity really is the " hypothetical explanation " -migration stands on quite a different footing. No one etmtends that there are great differences in the proportion of males and females born in different parts of the country, and Dr. Snow says differential death-rates in the two sexes play no considerable r6le. JFar from being merely " hypothetical," migration actually holds the field.
With regard to the reading of Dr. Hilda Clark's paper, he (Dr. Hamer) would like to note that it marked a new departure in the history of the Section. The poet Dante when he was intent upon praising the Lady Beatrice expressed the hope that he might be able to " say that of her which hath never yet been said of woman." They were all in a position that evening to say this of Dr. Hilda Clark, inasmuch as she had read a paper before the Section. Passing to the subject-matter of Dr. Snow's paper, he desired to express his concurrence with the President in the latter's belief that migration had been an important factor in the production of Dr. Snow's results. It appeared to him (Mr. Greenwood) that certain of Dr. Snow's correlations were at least consistent with such a belief. As an illustration he would take Table Ic. It appeared that in what Dr. Snow regarded as the most reliable series of districts the correlation between the number of males at a higher age-group and the phthisis deaths in the first age-group for a constant number of males in that group was large and negative, almost of the same order as the cross-correlations to which Dr. Snow attached special importance. Apart from the explanation tendered by Dr. Snow in the paragraph following the table, it was interesting to remark that such negative correlation would necessarily be produced were selective emigration to be taking place. Thus, if a high rate of phthisis mortality at ages 15-20 be taken as a measure of "unhealthiness," then the direct effect of this upon the numbers living in the next age-group-i.e., the continuance of an unfavourable rate of mortality and consequent diminution in the numbers living-would be intensified, perhaps greatly intensified, by emigration ,of healthy males. This consideration seemed to him of great importance, but it was only right to draw attention to the correlations given by Dr. Snow in the footnote to section (12). Were the correlation of male phthisis deaths with excess of females solely produced by selective migration, one would expect to find results of the same order when, for phthisis, all other causes of death at the given ages were substituted. That such was not the case seemed to him an argument of weight in support of Dr. Snow's contention and also to have a bearing on the suggestion noticed in section (8) (iv), due to Mr. G. Udny Yule, that owing to the differential mortality of the sexes and the inequality of the sex-ratio at birth, female excess was a measure of unhealthiness. 1 If, however, 'A point for consideration in estimating the importance of the correlations with deaths from other causes as a check on the influence of migration in producing the phthisis results is .whether such deaths do or do not depend mainly on fortuitous cause groups--i.e., causes the effects of which do not measure the constitutional fitness of the population at risk.-M. G. one hesitated, and he did hesitate, to put on one side migration as a principal factor (Dr. Snow himself had, of course, very fairly and distinctly indicated the possible importance of migration and could not be accused of neglecting it), it also followed that occupational differences needed to be considered with attention. It was, he thought, impossible to regard Dr. Snow's analysis of this cause-group as satisfactory, a circumstance in no sense reflecting upon Dr. Snow's skill and acumen, but due to the somewhat unsatisfactory classifications available. Even the data which were available, however, indicated enormous occupational heterogeneity. This would be noticed in the tables of section (5) and section (9). Here again, the point had not escaped Dr. Snow's attention and the important footnote to section (14) was prima facie evidence that occupational heterogeneity was not a complete explanation of the results.
He would add that the influence of occupation was, in his view (excluding the relatively small number of occupations in which the nature of the work involved immediate risk of injury to the susceptible tissues), part and parcel of the factor involved in migration-viz., the probability that differences of occupation were correlated with differences of constitutional type.
With respect to the suggestion made by Dr. Snow that the results might be explained by supposing a greater communicability of disease from females to males than from males to females, it seemed to him (Mr. Greenwood) very difficult to reconcile such an hypothesis with the facts at present known respecting the epidemiology and pathology of phthisis. It was also to be observed that Dr. Snow's data consisted of phthisis deaths and that, since infection must have occurred some time, in many cases a considerable time, before death, and since it was admitted by everyone that a good deal of migration was taking place and that the sex proportions were very different in the various districts, it followed that the data might not give at all an accurate picture of the conditions prevailing at the time when the infections were produced. In other words, if the term "infection " were used in a strict sense it would be necessary, in order to test Dr. Snow's hypothesis, to collect data other than those furnished by the Registrar-General. The only escape from this difficulty, which so far as concernea the infection hypothesis seemed to him fundamental, was afforded by supposing that infection preceded death by only a few months. So far as primary infections were concerned no one would believe this, and even if one held that the genesis of active disease depended upon a secondary massive infection, then the, ordinary clinical course of phthisis showed that the average interval was to be measured by something well over a year.
In conclusion, he wished to congratulate Dr. Snow, whose paper displayed not only analytical skill but a caution in stating conclusions and a candour in recognizing difficulties and objections which should be widely imitated by students of the subject.
Professor KARL PEARSON, F.R.S., and Dr. DAVID HERON: It is needless to say that Dr. Snow's paper gives evidence of a very great deal of most painstaking arithmetical work, and raises many interestirtg points. But the secondary title of his paper, "A Statistical Investigation having Bearing upon the Question of Personal COimunicE&bility," certainly suggests that he considers infectivity to be somehow related to the phenomena recorded by him. The essence of his work appears to be stated in section (15), p. 54: it is, "To point out that phthisis is most prevalent among males in districts in which females are relatively most abundant." A second conclusion we shall not at ,present consider, partly because of the limited time at our disposal in which to analyse Dr. Snow's material, and partly,because, if we accept his selection ot districts,l we are not able to interpret consistently the immense number of partial correlations tabled by him. For example, we do not see why stress should be laid on M2rMfln2 = 060, on p. 44, and not on MlrM2ml = -0O58, on p. 43, both being of the same order. Without having fully entered into the matter, we doubt whether much trust can be placed in selected series of thirty to forty districts only. This arises not only from the fact, that -they are selected'-and no very cogent arguments for the selection are given-but because the constituent correlations and the probable errors of both total and partial correlations are never stated by Dr. Snow. These probable errors are such that the tabulated values may differ by quite as much as 02 from the true values. Add to this that the omission of one or two extreme districts with anomalous disturbing influences may lower Dr. Snow's correlations of f06 to 04, and his correlations of 04 to 0 2,8 and we see how difficult it is with small Dr. Snow takes only about three-fifths of the available districts in the series given in his Tables III, IVA, and V. He states his grounds for selection, but we do not feel wholly happy about them, and we have by no means exhausted the list of retained districts in which we know anomalous conditions exist. For example, Stoke Damerel, besides the dockyard hands, at the 1861 census had a sex-ratio of 179 (ages 20-25) because it included the crews of seven warships numbering several thousand men, who naturally contributed but little to the local phthisis rate. 2 Dr. Snow omits fifteen of the forty-five Welsh districts, and the correlation of the male phthisis death-rate (15-20 years) and the sex-ratio (15-20 years) is for the thirty selected districts, -O068 ±0 07. But in the fifteen districts rejected by Dr. Snow it is -0-30 ±0-16, a result not in itself significant. Take Dr. Snow's Table V ; the correlation, as it stands, is -0-28, but if we reject Stoke ,Damerel with its 46 per cent. of males engaged in defence (Devonport Dockyard) and its low domestic-servant rate, together with Salisbury with its high domestic-servant rate, the correlation becomes -0 16 ±0-12, which is non-significant. Again, if in Dr. Snow's Table I the extremes, Christchurch and Cardigan, be left out, the correlation of the sex-ratio (15) (16) (17) (18) (19) (20) and the phthisis death-rate males (15-20) drops from -0-67 to -0 44. Yet Cardigan is certainly an anomalous district, referred to even in popular encyclopedias as having an enormous preponderance of females, owing to the mining emigration to Glamorganshire and elsewhere, and Christchurch contained the developing watering-place, Bournemouth, with a high percentage of domestic servants, and a high phthisis death-rate owing to the inclusion of the National Sanatorium, founded in 1855, and contributing largely during the period in question to the deaths from phthisis in the Christchurch total. Eastbourne, with its lodging-houses and convalescent homes, is another case in point. groups of selected districts to fully appreciate a mass of by no means consistent partial correlation coefficients. We think that, with thirty to forty selected districts, there is very great danger of individual districts with anomalous conditions influencing widely the correlations. The two chief factors are the influx of domestic servants into residential towns and the outflow of males from agricultural or seaboard districts to seek employment in mines or at sea. If we take the classes, general servant, housekeeper, cook, nurse (other than hospital nurse), and housemaid, we find residential towns like Exeter and Salisbury with 14'4 per cent. and 12'5 per cent. of the female population engaged in domestic service, while in a district like Cricklade the percentage is only 6'2. Roughly the sex-ratio (15-20) is correlated about -0 4 with the percentage of domestic servants in the English south-western districts dealt with by Dr. Snow. But a still more influential factor in modifying the sex-ratio is the migration of males, especially young males. Dr. Snow dismisses the explanation that his results are merely due to migration-i.e., the exit of healthy males from one district, leaving there a low sex-ratio and a higher phthisis mortality' to be calculated on a lower male population, to a second district which will now have a high sex-ratio and a lower phthisis-rate-as " pure opinion " and as a "purely hypothetical explanation," for " no statistical material on the point exists." We think some evidence could have been found had he looked further, even in charts of the male and female populations for each age. In Chart I we show the male and female populations of the whole of Wales and Monmouth. We see that, as a whole, the total numbers of the two sexes are at each age very close to each other. Obviously the phenomenon we have to deal with is largely a transfer of population inside the Principality. Next, examining Chart II, we see the influx of girls and young women into Exeter, seeking employment; there is no obvious exit of boys and young men. Chart III shows the enormous influx of boys (15-20), and young male adults (20-25) seeking employment in Devonport Dockyard. It is not till after age 40 that the proportion of the sexes begins to right itself and shows a final considerable balance of females. Chart IV shows a mining district with a marked influx of young males. Pontypridd is one of the districts excluded by Dr. Snow, but it shows the mining immigration well. Charts V and VI, for Cardigan and Aberayron, indicate emigration of young males. If Charts III to VI be compared with Chart I, we appreciate how local is the phenomenon we have to deal with-it is a phenomenon of outworking rather than of emigration, the drifting of healthy males to districts where work is available, and the consequent disturbance of local sex-ratios. We do not believe that local sex-ratios are really of any indicative value until the nature of the economic conditions in the locality has been fully studied.
We have sought measures of the outworking of young males in order to make some allowance for this factor of migration, but it is fairly clear that I It must also be noted that if the outworkers develop phthisis they probably return home to die. the best measure of the outworking is the sex-ratio itself. It occurred to us, however, that the husbands absent at the time of the census would be a fair measure of the general amount of outworking in a district. RELATION The accompanying table gives a very rough means of appreciating the relation of excess of wives over husbands to both the male phthisis death-rate (15 to 20) and the sex-ratio at these ages. It will be seen at once that excess of wives, absolutely or measured by the ratio husbands to wives, is closely correlated with the phthisis death-rate among males, the bulk of whom are not yet married. In our actual correlation we have used the husband-wife ratio calculated to an additional figure. It is true that this ratio of all husbands to wives is weakened by the fact that the older husbands have generally ceased to outwork. If we take the sex-ratio of husbands and wives 15-45, we do not pet the real total of husbands for the corresponding wives, as some husbands may Discussion oni Mortality from Phthisis be over 45 and have wives younger, or vice versa, although we shall exclude a number of marriages where the husband is extremely unlikely to work out. Again, we may take the sex-ratio of a single age-group (15) (16) (17) (18) (19) (20) . This has the advantage that only one husband in 749 belongs to this age-group and only one wife in 149, so that husbands are not directly contributory either to the sex-ratio or the male phthisis death-rate at these ages. Or lastly, we may take the sex-ratio of unmarried males and females 15-45, which covers, as our charts show, the chief migratory ages. We think that the measure of outworking husbands-husbands absent at the time of the census-should be fairly highly correlated with the number of outworking boys and young male adults. Now let us look at some of the resulting correlations for Dr. Snow's Welsh districts. Correlation of male phthisis death-rate (aged 15-20) with-(1) Sex-ratio of the unmarried (15-45), r = -0'66 ± 0 07.
(2) Sex-ratio of all males and females (15-20), r = -0'68 ± 0 07.
(3) Sex-ratio of all husbands and wives, r --0'71 ± 006.
Thus it would apl)ear that the phthisis rate for male adolescents is markedly influenced by husbands being away from their wives at the time of the census, although these husbands belong to a wholly different group. Absence of husbands is more influential than presence of redundant females of the like age. This appears to us to indicate that we are really dealing with a problem of migration or outworking. And our view receives confirmation from the highi correlation + 0 73 ± 0'06 between the sex-ratio of unmarried males and females 15-45 and the ratio of all husbands to wives. If we take the partial correlation of the sex-ratio of unmarried males and females 15-45 with the phthisis deathrate of males 15-20 for a constant ratio of all husbands and wives, we find the correlation -0'6633 ± 0'07 is reduced to -0'2986 ± 0'1122, or by more than half, and coming near the borderland of the non-significant. We do not assert it dogmatically, but it appears to us conceivable that a better measure of migration or outworking applied to safer data would show no relation at all between redundancy of females and the male phthisis death-rate. If we take as our measure of outworking the ratio of husbands to wives 15-45, we find that the partial correlation of the male phthisis death-rate (15-20) with the sex-ratio (15-20) for constant husband and wife ratio is = -0 37, being reduced from -0'68. Lastly, the partial correlation of male phthisis rate (15-20) with sex-ratio (15-20) for constant ratio of all husbands to wives is -0'325 ± 0'110. These results indicate that at least 50 per cent. of the associations observed by Dr. Snow between phthisis death-rate and redundancy of females is due to outworking. How much more may be due to this source cannot be determined utntil other measures of migration have beenl considered.
It is probable that for other diseases than tuberculosis the association of deaths of males and redundancy of females does not, as Dr. Snow notes, hold. This is partly due to the fact that in 1861-70 phthisis was the special disease of the young adult, and as lasting for some time the most disabling with regard to external work, especially mining. We find, however, a much smaller positive correlation +0'18 between deaths from cancer among males 15-55 and the size of the female population 15-55 for constant male population . This is what we should anticipate, but no stress can be laid on it as it is not significant owing to the paucity of districts.
We would conclude with one further note. If we are to suggest that the female infects the male (in a way that the male does not infect the female), we must form some measure of female infectivity. Now Dr. Snow does this by correlating the male phthisis deaths with the female population for a constant male population; but it appears to us that the infectivity cannot depend on the total number of females, but only on the number of females infected or on their ratio to the total population of females. It is not easy to determine a good measure of the infectivity of one age-group of individuals of one sex by those of the other, but it certainly must involve the number of infected individuals in the other, and this nurqber Dr. Snow has not used. We have worked out the following correlations: Correlation of male deaths from phthisis (20-25) in forty selected districts (Snow , Table I ) with female population (20-25) = + 0670 ± 0059. Correlation between male and female deaths from phthisis (age-group 20-25) in the same districts = + 0O582 + 0071. Correlation between female deaths from phthisis (ages 20-25) and female population (ages 20-25) = 0'425 ± 0087. Hence the partial correlation of male deaths from phthisis (ages 20-25) with the female population of this age for constant number of deaths from phthisis of the female group = + 0574 ± 0072. Now this result is most noteworthy; it shows that if we keep absolutely constant the number of female phthisis deaths, then the male phthisis deaths increase as the female population gets larger; in other words, the less the number of female deaths from phthisis relative to the female population the greater the number of male deaths from phthisis.' It seems quite impossible under these circumstances to suppose that the relation between male deaths from phthisis and the redundancy of females is in any way due to infectivity. The object of this criticism has been to consider the parts infectivity and migration play in the associations noted by Dr. Snow. In undertaking it we have to record the suggestiveness of his paper, while at the same time we think those suggestions admit, with fuller study, of more definite conclusions being reached than Dr. Snow has obtained.
Dr. F. R. WALTERS: My interest in the papers read this evening is chiefly from the clinical point of view, as I am not a mathematician, and especially as regards pulmonary tuberculosis. In all statistics bearing on tuberculosis a sharp distinction should be drawn between tuberculization and tuberculosisbetween infection with tubercle bacilli, which is almost universal in an urban ' The reader must bear in mind that these districts have already been selected by Dr. Snow to give a practically constant male population. population, and tuberculous illness, which depends on contributory causes, some personal, others environmental. Many infected with tubercle never suffer from it, but remain permanently in good healtb. In other cases a breakdown happens years after infection. I saw a widow, aged 51, the other day who had almost certainly been infected with tubercle by her mother twenty-five years before, but had worked hard and brought up a large and healthy family and remained in good health until two or three years ago, when the extraction of a large number of teeth, and the strain of nursing her husband, who died of hepatic cancer, affected her health. Now there is extensive pulmonary disease of an inactive type, though her health is but slightly affected. Tubercle bacilli were only discovered accidentally in the sputum a short time ago. In diagnosing pulmonary tuberculosis the presence of tubercle bacilli in the sputum should not be considered essential. Many people still regard with suspicion all cases stated to be tuberculous without such confirmation. If the observer is competent this attitude is quite unjustifiable, and it is a pity that so many refuse to regard a case as tuberculous until the most favourable stage for treatment has gone by. If there is clinical evidence of pulmonary tubercle, apart from tubercle bacilli in the sputum, if the observer is competent, and there is ill-health reasonably attributable to tubercle and not otherwise explicable, the case should be regarded and classified as one of tuberculosis. But I do not think that a case of tuberculous infection without ill-health should be so regarded.
As regards the statistical investigation of results of treatment, it is unsafe to depend on end-results, such as length of survival, the disappearance of tubercle bacilli from the sputum, or apparent healing of the tuberculous lesions in the lung. We are dealing with a disease which often progresses slowly, ebbs and flows, and may last for years; whereas the time for treatment may be only a few weeks or months out of the whole. End-results could only be depended upon as a measure of the value of treatment-whether by tuberculin, or hygienic measures, or inhalations, or special drugs-in cases where the patient is continuously treated under known conditions for long periods of time. The progress of the disease is at least as much influenced by conditions of life as by any known remedy, so that the end-results are far more a measure of the influence of such conditions of life-which last for years-as of the special treatment adopted, which lasts a relatively short time. To measure the effects of special treatment we need a more finely graduated scale than is generally adopted. This scale must take into account the constitutional as well as the local results, and these must be stated separately, as pointed out years ago by the late Dr. C. Theodore Williams. Recovery depends at least as much on the immunizing response of the body as on the anatomical extent and severity of the local lesion. A case with very limited disease but high fever is more dangerous than one with extensive local damage but with little constitutional disturbance. The earliest and most marked effects of treatment are usually alterations in general health; and we must state these accurately at the beginning and the end of treatment.
It is quite possible to construct a ladder of progress on which can be indicated the position of the patient before and after treatment, the progress being shown by the number of rungs up which he has climbed. There are two tests which nearly cover the field, and are available right up the scaleviz., fever, and the capacity for exertion. In the febrile the degree of fever at rest, in the afebrile the amount and kind of exercise which can be taken without disturbing temperature or general bodily health, are a measure of the progress towards recovery. On the side of the respiratory system, we should indicate both the changes in physical signs and those in function, such as cough and sputum. The Turban-Gerhardt classification is much too coarse for our purpose. To use it is much like attempting to measure all microscopic objects in tenths of an inch, to the exclusion of all finer measures. A forin of classification can easily be made which is comparable with the Turban-Gerhardt and other recognized methods, but more precise and with finer gradations. Instead of measuring by half lobes or lobes, each lung may be divided into a dozen natural areas; and the Turban-Gerhardt degrees of severity-which we may term discrete and confluent infiltration-may be subdivided with advantage. By such a method the results of a month's treatment may be definitely estimated, an impossibility by the unmodified Turban-Gerhardt method.
Dr, EVERITT E. NORTON confessed that he was personally more interested in the clinical than in the strictly statistical question, but on the latter he wished to emphasize the importance of one statement made by Dr. Clark: " What is chiefly needed is the observation over as long a period as possible of cases of chronic ill-health, the careful classification of facts so observed, and the statistical comparison and correlation of all facts. . . In the work upon which we arre engaged we hope to learn something concerning the duration of the disease [pulmonary tuberculosis] apart from the mortality; and as to its characters as compared with experience in the past."
Dr. MCVAIL said that Dr. Snow had done well to go back to the period of 1850-60 and to study statistics unaffected by modern views as to causation and treatment of tuberculosis. It was clear, however, as pointed out by Professor Karl Pearson, that a good deal of knowledge was required of local facts and social conditions at the period in question in the districts selected. Dr. Hilda Clark's paper showed well the difficulties met with in investigating tuberculous disease. Obviously, as regards the factors of heredity and infection, a useful contrast could be drawn between the occurrence of tuberculosis in the children of a tuberculous parent, and the occurrence of the disease in the husband of a tuberculous wife or the wife of a tuberculous husband where different stocks were concerned. The question here, however, was seriously complicated by the commonly accepted view that young people are much more liable to infection than their elders, so that the escape of the husband-or wife might be due not to difference of stock but to age.
In presence of the highly interesting discussions continually taking place on these and kindred aspects of the tuberculosis question, the public health officer or the practitioner engaged in efforts to prevent or ameliorate the ravages of the disease, was perhaps apt to be unduly disturbed by doubts as to the value of the action he was taking. Such doubts Dr. MeVail regarded as without any sufficient foundation. Whether the tuberculosis was mainly infectious or mainly hereditary, the individual would be better fitted to resist the influence of infection or heredity if he was living in a well-ventilated house, and provided with proper food and clothing and under skilled discipline in the physical conduct of his life. As regards sanatorium treatment, nearly everybQdy would be the better of a period of rest and recuperation and treatment in a well-managed institution in a healthy country district, under the supervision of a resident physician. One important fact in connection with all such itemshouse accommodation, food, clothing, cleanliness, country rest and so forthwas that they were of value not merely against tuberculosis but against almost every disease that flesh is heir to. Those, therefore, who were engaged in this crusade should act hopefully and fearlessly in the certain knowledge that their work was on good lines and essentially beneficial to all concerned.
Dr. SHRUBSALL suggested that the racial constitution of the populations was a consideration, not so far referred to in the discussion, which might to some extent explain differences in mortality. Data for some of the areas collected in the period between 1860 and 1870 were to be found in the works of Beddoe. It would be noted that generally the higher mortality rates occurred in the areas with the most brunette populations. At the present time there was a greater morbidity from pulmonary tuberculosis among brunettes than among blondes, a feature also noted by Liddon in 1853. Data showing the colour traits prevailing at the period under consideration for either sex were available in some areas, and it appeared that where the males were on the average much darker than the females they presented a higher mortality, and where the females were the darker there the female mortality was higher than the male. It also appeared from the sex-ratios that there was a greater male migration from the Celtic areas of Wales than from those parts occupied in considerable numbers by West Saxons, Mercians, or Normans.
The PRESIDENT said that Dr. Snow had called attention to the populations engaged on defence" in Elham, Sheppey, and Eastry. It was interesting to note that Sir George Buchanan in his Report, prepared more than fifty years ago, made a similar comment. Study of Dr. Snow's paper brought to light several facts which increased, if that were possible, one's admiration for Sir George Buchanan's original paper. Dr. Snow thought the selection of the men might explain the low male phthisis-rates, but he said, " As it can hardly be asserted that the females in these districts are also selected we cannot definitely argue that the low mortality of the males is due to a large proportion of them being selected individuals." Sir George Buchanan had, however, discussed this difficulty (pp. 92 and 93 of his Report), and explained the low rates of both males and females as being due to selection and to the occurrence of death elsewhere than in the registration district in question.
Dr. SNOW, in reply: I wish to deal chiefly with the points raised by Professor Pearson. He is confident that the consideration referred to in section (8) (iii), viz., that of differential migration, was the chief cause in producing the fact brought out of the association between low sex-ratio and high male phthisis mortality. His diagrams and figures of absent husbands, however, indicate only the extent of the migration--a point which was not in doubt, section (8) (iv). The point he emphasizes is that the low sex-ratio of certain of the districts was produced by the emigration of the strong males to the mines. This appears very reasonable, but requires further investigation; a hurried and tentative way of approaching the matter is referred to below. Since the meeting I have received from Dr. Chalmers a copy of his recent paper,' in which he notes the relatively greater prevalence of phthisis among immigrant families in Glasgow. I have not seen his original figures, and am not sure if the statement is based upon the experience of comparable populations as regards age, occupation, &c., and, moreover, occupations in Glasgow probably do not require the strong and vigorous males necessary in the mines, but it at least suggests that the weakly males also migrate, but to other places than do the strong, and I am not persuaded to accept Professor Pearson's explanation as final. I hope to find time for a thorough investigation into this aspect of the matter, but for present purposes it is possible, I think, to approach the question very approximately in a more satisfactory manner than by the use of the proportion of husbands absent as an indication of the extent of migration. This proportion does not show the magnitude of migration for individual agegroups, and moreover it is important to ascertain if the sex-ratio in a particular district is produced more by emigration of males than by immigration of females. I deal here only with the age-group 15-20. There is little movement of the population in rural parts before the age of 15, and if there were no migration (15-20) and the death-rates (15-20) for a series of districts were the same, the ratio of the population (10-15) to that (15) (16) (17) (18) (19) (20) would be approximately the same for each district. But if we actually find considerable variation in that ratio we shall infer that in districts in which it is high emigration occurs between 15 and 20, and conversely. No weight, however, can be attached to small differences, as these might readily arise through variation in the death-rates. I have found the ratio of the mean population (1861-70) of the (10-15) group to that of the (15-20) group for both males and females in the case of (a) the aggregate of the thirty Welsh districts, (b) the whole of Wales and Monmouth, and (c) the whole of England and Wales,2 and '"A Page in the Natural History of Pulmonary Tuberculosis," Public Health, November, 1913. 2These ratios are (a) 0-8855, 08928, (b) 0 9146, 08906, End (c) 0-8956, 0-9207. have applied these factors to the (10-15) populations of each of the Welsh districts. In this way certain figures have been reached which give, under the three heads, (a), (b), (c), a rough general idea of what the populations would have been had there been no migration. These are stated below for the thirteen districts dealt with in detail in the paper, and may be compared with the actual populations. Although we can make no inferences from small differences, certain features of the table appear to point to definite facts. For instance, the high sex-ratio of Holywell was produced much more by emigration of females than by immigration of males, and the lower one of Aberayron by emigration of males. On the whole, however, throughout the thirteen places stated, the movement of females appears to have been as important as that of males in producing variations in the sex-ratio (15) (16) (17) (18) (19) (20) . The question of the migration of the less phthisical males does not arise in districts in which the high or low sex-ratio is produced mainly by the movement of females, and we can get rid of the effect of the emigration of males by dealing only with such districts. I hope to do this in future work when I measure the extent of migration more exactly. and the bottom ones the largest. The average of the six rates at the top is unaltered at 0O28, and of the bottom seven is reduced from 0 47 to 043. These considerations, worked out very roughly and hurriedly in consequence of Professor Pearson's remarks, confirm me for the present in the conclusion that migration, though it probably had some effect in producing certain of the associations, was not the sole cause of all them. Concerning Professor Pearson's observations about the inclusion of Christchurch in one of the preliminary samples used, I was unaware of the existence of a sanatorium there in 1861-70, and agree that the inclusion of that district in the sample was undesirable. The female phthisis mortality (20-25) for that district was approximately the average of those stated in Table I , and I have been unable to confirm from the Registrar-General's Annual Reports and Supplement Professor Pearson's statement that about twenty of the forty-one male deaths (20-25) (see Table I ) in Christchurch occurred in the institution referred to. I have ascertained, however, that the number of inmnates (excluding officers) in 1861 was eleven males and eleven females (ages not stated) and in 1871 was seventeen males and seventeen females (ages not stated). The only information of the mortality I can find is that in 1869 one male (age not stated) died there and in 1870 four males (ages not stated). The male mortality (20-25) of Christchurch was probably affected by these deaths, but the facts brought out in the paper remain unaltered.
In concluding my remarks on Professor Pearson's contribution to the discussion I think it advisable to repeat once again what is frequently stated in the paper and emphasized in section (15), that the work is based upon an idea which is to me nothing more than a hypothesis. Certain phrases can, I know, be pointed to in which the idea is referred to without the word "hypothesis " being actually used, but it is stated without ambiguity in section (3) that the hypothesis is to be discarded, if necessary, when it has done its duty in assisting in the deduction of new facts. A hypothesis is justified in science, whatever its ultimate end, provided any new fact can be deduced from it.
Dr. Shrubsall's statement that there is some variation of racial constitution within the Welsh area dealt with, and that this may be associated with the variation in the incidence of phthisis, is one I hope to follow up.
With regard to the President's remarks, the reason for choosing rural areas is mainly' a statistical one. In certain urban areas the actual population living at the beginning of a decade may be widely different from that at the end, though the number may alter but little. (The figures of the number of removals to be traced at Parliamentary elections is some evidence of this.) Concerning his interesting statement that it had been pointed out many years ago that the married women of Elham were a selected class, this might be the explanation of the low female mortality at ages over 20, but to a small extent only for the (15-20) group. I have looked into the figures for the places mentioned by Dr. Hamer in which the type of occupation was such as to attract wvomen, but, for the period 1861-70 at any rate, the low sex-ratios of at SAGE Publications on June 21, 2016 jrs.sagepub.com Downloaded from 0Discussion on Mortality from Phthisis these districts do not appear to have been produced mainly by immigation of females. Emigration of males was also operative in some of the districts extensively. As pointed out by the President, however, the phthisis mortality of the males (15-20) and (20-25) in these places was not above that of other places in the same counties.
[It should be pointed out that the reply to Professor Pearson's criticism had to be made with no written or printed copy of his remarks before me. On reading a proof of the contribution by himself and Dr. Heron, I am conscious of other points which should have been discussed, but at first reading I see nothing to cause me to modify my statement that I am not persuaded to accept without further investigation Professor Pearson's view as the final and sole explanation of the facts brought out in the paper. With regard to Professor Pearson's last correlation indicating a negative association between female phthisis mortality and male phthisis mortality, I may state that I have many correlations (worked out at the same time as those in the paper) pointing in the opposite direction.] Dr. HILDA CLARK, in reply: I have little further to add at present to the summary of difficulties set forth in my paper. As regards the estimation of the hereditary factor in the causation of deaths from phthisis, this is not entirely simplified by the fact that all persons are exposed to infection, since all are not equally exposed, and those who may be supposed to inherit a susceptible diathesis from parents who die of phthisis are also exposed to a greater and more certain risk of infection in childhood. Our attention has been drawn to the importance, in estimating the effect of social conditions on the incidence of phthisis, of taking into consideration the conditions under whichl the patient lived when infection was incurred, or at any rate when the disease first declared itself, and not those to which the patient was reduced by illness. I may point out that light may also be thrown on this by a study of the incidence and behaviour of the disease. in populations that are homogeneous as regards social condi.tions and not complicated by wide divergences of standards among people living and working near each other. This I am trying to carry out with regard to the evidence obtained at Street and at Portsmouth, which will then be available for comparison with other districts where the standard may be different.
